A 36-year-old man with progressive hearing impairment visited our hospital complaining of a severe headache. A neurological examination revealed bilateral sensorineural hearing impairment, mild ataxia, hyperreflexia and mild cognitive dysfunction. Brain MRI demonstrated hydrocephalus and typical hypointensity rimming the brain surface on T2 * -weighted images. The patient was diagnosed as having superficial siderosis. Spinal MRI disclosed the presence of a lumbar intradural extramedullary mass. The surgically resected tumor was histologically found to be a cavernous angioma. Superficial siderosis is an important cause of hearing loss. With respect to the detection of disorders underlying this pathological condition, MRI examinations, including those of the brain and whole spinal cord, are recommended.
Introduction
Superficial siderosis is caused by hemosiderin, a metabolized product of red blood cells resulting from chronic subarachnoid hemorrhage. The extensive deposition of hemosiderin on the surface of cells of the central nervous system (CNS) causes neurological dysfunction (1, 2) . This disease was previously considered to be rare; however, it has recently become more frequently diagnosed in patients with progressive sensorineural hearing loss (3). We herein describe the case of a patient who presented with superficial siderosis and hydrocephalus attributed to a spinal intradural extramedullary cavernous angioma. Intradural extramedullary cavernous angiomas or cavernomas are a rare disease entity, with only 30 previously reported cases . Spinal cord compression is the most common clinical presentation, and only one case of superficial siderosis (29) and two cases of hydrocephalus (12, 19) have been reported. In this report, we describe the details of this unique patient presenting with superficial siderosis and hydrocephalus and discuss the pertinent literature.
Case Report
A 36-year-old man with a past history of spontaneous severe headache 11 years earlier visited an otorhinolaryngologist complaining of a 3-year history of progressive bilateral hearing impairment. The patient was referred to a neurosurgical and neurological clinic, where brain MRI was performed, which indicated mild cerebellar atrophy. The patient was therefore suspected of having spinocerebellar degeneration and/or mitochondrial dysfunction, although his serum lactic and pyruvic acid levels were found to be within the normal ranges. He was therefore followed without therapeutic intervention; however, his bilateral hearing impairment gradually worsened. Nine months later, he suddenly developed a severe headache lasting for one week and subse- quently visited our hospital after a couple of episodes of vomiting. The brain MRI images taken nine months before were reviewed, and a hypointense signal rimming the brain surface on T2-and T2 * -weighted images was noted. Therefore, chronic subarachnoid hemorrhaging was suspected as the cause of the patient's headache and hearing impairment. The patient had no other chronic diseases or significant family history. A neurological examination revealed a normal level of consciousness, bilateral sensorineural hearing impairment, hyperreflexia in all limbs and mild ataxia, although no significant signs of nuchal stiffness, sensorimotor deficits in the limbs or sphincter dysfunction were noted. Mild cognitive dysfunction was detected according to the revised Hasegawa's dementia scale test (HDS-R, 23/30); however, routine laboratory examinations were unremarkable. Bloody cerebrospinal fluid (CSF) (red blood cell count: 230,000/μL) with an increased cell count (151/μL) and protein level (153 mg/dL), as well as elevated intracranial pressure (355 mmH2O), was detected via lumbar puncture. A reexamination of the brain MRI images confirmed ventricular dilatation and typical hypointensity surrounding the brain surface (Fig. 1A, B) , and the patient was clinically diagnosed as having superficial siderosis and hydrocephalus. An enhanced brain CT scan was performed; however, it failed to detect any intracranial sources of bleeding, even on a delayed venous phase scan. Further examinations were thus carried out to identify the possible occult source of bleeding, and an intradural extramedullary mass located at the L1 level was detected on a whole spinal enhanced MRI examination (Fig. 2B, C) . Hypointensity rimming the whole spinal cord on T2-weighted images was also demonstrated ( Fig. 2A, B) . The spinal tumor was considered to be the primary source of hemorrhage, and surgical removal was planned in order to halt disease progression. Under general anesthesia, laminotomy was performed at the Th11 to L1 level. Hemorrhagic CSF squirted out after creating the dural incision, and a reddish tumor was noted on the right side of the conus medullaris in the extramedullary region. A fresh hematoma was confirmed around the tumor, and both the tumor and hematoma were completely removed. A histological examination revealed that the tumor consisted of many expanded vessels with abnormally thin walls, while the vessels themselves were filled with a fair amount of red blood cells (Fig. 3A) . Typical brown-colored hemosiderin deposition in the arachnoid membrane was also detected (Fig. 3B) , and the patient was finally diagnosed histopathologically as having a spinal intradural extramedullary cavernous angioma with superfical siderosis. Although the patient's headache disappeared after the surgery, the bilateral sensorineural hearing impairment, mild ataxia and hydrocephalus with mild cognitive dysfunction persisted throughout the observation period of several months, and he was transferred to another hospital for further rehabilitation.
Discussion
We herein described the case of a patient presenting with a variety of symptoms involving bilateral sensorineural hearing impairment, mild ataxia, hyperreflexia, headache and mild cognitive dysfunction who was finally diagnosed with superficial siderosis and hydrocephalus, which were found to be ascribable to chronic subarachnoid hemorrhaging from a lumbar spinal intradural extramedullary cavernous angioma.
The auditory nerve, cerebellum and brainstem are likely to be involved in patients with superficial siderosis, resulting in the classic triad of sensorineural hearing loss (81-95%), cerebellar ataxia (81%) and pyramidal tract symptoms (53-76%) (1, 2). The findings observed in this case are consistent with this triad. In addition to these major symptoms, cognitive dysfunction (24%), urinary disorders (14-24%) and olfactory disturbances (14-17%) have been reported to be possible manifestations (1, 2) . Considering the apparent ventricular dilatation observed in our patient (Fig. 1A, B) , hy- Hypointensity rimming the whole spinal cord is seen (A, B) , suggesting that the hemosiderin deposition involved not only the surface of the brain (Fig. 1) , but also that of the spinal cord. An intradural extramedullary isointensity mass located at the L1 level is demonstrated (B, arrow). There is an area of nodular hypointensity in the lower portion of the mass, suggesting localized hemosiderin deposition in the tumor (B), without clear gadolinium enhancement (C, arrow). drocephalus was considered to be the primary cause of his cognitive dysfunction, although the superficial siderosis itself may have had some effect on his cognitive function as well. The patient's other symptom, a headache, was thought to be attributable to a flare-up of subarachnoid bleeding, as its onset was very sudden and the pain disappeared after surgery.
Superficial siderosis is clinically diagnosed based on the presence of signal loss at the surface of CNS structures on T2-weighted MRI (31) . T2 * -weighted MRI is now available to detect small amounts of iron deposition with greater sensitivity (32) . The diagnosis of superficial siderosis in our patient was initially made radiologically on T2-and T2 * -weighted MRI (Fig. 1, 2 ) and finally confirmed histologically on biopsied arachnoid membrane specimens (Fig. 3B) . However, the MRI findings were not initially noted at the previous clinic; therefore, diagnosis and treatment were delayed. Superficial siderosis is occasionally unnoticeable among general practitioners, likely because a normal and symmetrical brain body structure is preserved. Because superficial siderosis is an important cause of progressive sensorineural hearing loss and its diagnosis has recently become more common (3), clinicians should pay careful attention not only to the body of the brain itself, but also the brain surface, when evaluating patients with hearing impairment.
Table. Literature Review of Spinal Intradural Extramedullary Cavernous Angioma
Various pathologies have been reported as possible causes of superficial siderosis. For example, Levy et al. reviewed 270 patients and reported that the underlying causative disorders were CNS tumors (21%), trauma (13%), arteriovenous malformations (9%), a postsurgical status (7%) and an idiopathic etiology (35%) (1). Among causative tumors, ependymoma is regarded to be the dominant histological type (2, 33) , while spinal intradural extramedullary cavernous angioma is an extremely rare cause of superficial siderosis, with only one previous case report (29) .
Intradural extramedullary cavernous angioma itself is a rare disease entity, with only 30 previously reported cases (4-30, Table) , as spinal cavernous angiomas are typically located in the vertebral body (28); even if they exist in the intradural region, most are found in the intramedullary space (34) . As shown in Table, most patients (22/30, 73.3%) exhibit symptoms related to spinal cord compression, such as sensorimotor deficits, back pain or sphincter dysfunction, and only one case of superficial siderosis (29) and two cases of hydrocephalus (12, 19) have previously been reported. Therefore, the combination of superficial siderosis and hydrocephalus without myelopathic symptoms observed in our patient is quite unique, which may be another reason why the detection of the lumbar tumor was delayed.
All previously reported patients were treated surgically, and the outcomes appear to have been good, with 22 of 30 patients (73.3%) showing an improvement after treatment (Table) . However, in the present case, all symptoms, except for headache, persisted after surgery. This finding may derive from differences in the mechanisms of each symptom. For example, acute-phase symptoms, such as compression myelopathy and acute subarachnoid hemorrhage, are treatable and reversible with removal of the cause of the mass effect or bleeding. However, superficial siderosis and hydrocephalus are the ultimate consequences of chronic bleeding, both of which harm the brain surface and arachnoid granulations, respectively. Considering his past history of spontaneous severe headache 11 years earlier, our patient's continuous subarachnoid bleeding is estimated to have lasted for more than 10 years, and the long-term damage resulting from the delayed diagnosis may have made his neurological deficit irreversible. In order to identify factors that may affect the prognosis, we analyzed the relationships between the outcome (improved or not) and various clinical factors (gender, age, tumor location and duration of disease before surgical treatment). Among these factors, only a younger age at disease onset was found to be significantly related to an unfavorable (worse or remaining) outcome (multivariable regression analysis, p=0.0175). This finding is consistent with that observed in the present patient. However, the accumulation of further cases is required to elucidate the mechanisms underlying this tendency.
In conclusion, clinicians should keep in mind superficial siderosis as an important cause of bilateral hearing impairment and perform brain MRI before the onset of irreversible neurological damage. If the source of intracranial bleeding is unclear, whole spinal MRI should be conducted, even if the patient lacks any symptoms of spinal cord compression myelopathy.
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